I . Studies were made of iron absorption in eighty-five infants who were suffering from protein-calorie deficiency (kwashiorkor and marasmus) and in eight infants who were suffering from Fe-deficiency anaemia : twenty-one healthy infants were used as control subjects. Factors affecting absorption -concentration of serum total protein and its fractions; serum Fe; transferrin (as indicated by total Fe-binding capacity) and its percentage saturation; blood haemoglobin; total blood Fe; and the state of Fe stores in the liver -were also investigated. Four of the infants who were suffering from severe kwashiorkor were selected for a follow-up study and were given a high-protein diet and blood transfusions.
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Subjects The subjects were ninety-three infants who were suffering from moderate kwashiorkor, severe kwashiorkor, first-grade marasmus or Fe-deficiency anacrnia, and who were attending Mounira Children's Hospital, Cairo University. Special care was taken to exclude any child that showed signs of any other ailment that might affect the results, especially infections, parasites, dehydration, nephropathy or liver cirrhosis. Twenty-one healthy infants were used as control subjects. For the number of subjects in each group, their age, sex and weight, see Tables I and 3 . Fasting blood haemoglobin, total blood Fe, and serum proteins, Fe and Fe-binding capacity T o provide information on anaemia in protein-calorie deficiency and to evaluate Fe therapy in this disorder, it was necessary to study fasting serum Fe values as well as the pattern of Fe-tolerance curves in both controls and patients. The night before doing the Fe-absorption test, the subjects were fasted. Four of the subjects with severe kwashiorkor were given protein and blood transfusions and their progress was studied during treatment up to clinical recovery.
I n the morning, 5 ml blood were withdrawn from each of the fasted subjects and this amount was divided into two tubes : one containing potassium oxalate was kept for the determination of haemoglobin and total blood Fe; the other was used for the separation of serum to determine its proteins (total and fractions), Fe and Fe-binding capacity. Serum was kept at -20' till analysed.
A dose of 4 mg Fe/kg body-weight, in the form of ferrous sulphate, was then given by stomach-tube and samples of blood were taken after 2 , 4 and 6 h for determination of serum Fe. Neither food nor fluid was allowed during the experimental period.
Liver protein and non-haem Fe content
Liver biopsies were done on thirty subjects who represented different ages, sexes and grades of protein-calorie deficiency : ten were clinically diagnosed as having severe kwashiorkor, ten as moderatc kwashiorkor and ten as first-grade marasmus; nine were healthy controls. Biopsy samples, weighing 25-50 mg, were kept in a cellophane bag in solid CO, in a small Dewar's flask and analysed for protein and non-haem Fc content.
Follow-up study
Four of the infants who were suffering from severe kwashiorkor were given a highprotein diet for 10 d; they mere also given blood transfusions.
Analytical techniques
Serum proteins were separated by electrophoresis and estimated by the method of King & Wootton (1956a, 6 
RESTJLTS
Fe absorption
The dose of 4 mg Fe/kg body-weight gave an acceptable metabolic tolerance curve for Fe absorption from the gut (Fig. I) . The period of 6 h was quite adequate to illustrate the maximum rise in serum Fe concentrations and the changes during that period were within the range to be accurately estimated by the method of Ramsay (1957~). Maximum rise in serum Fe concentration for both controls and patients was attained after 4 h from the administration of the test dose. The mean values for fasting serum Fe are shown in Fig. I .
Fe-de$ciency anaemia The fasting serum Fe concentration was far below that for controls. Administration of the Fe test dose was followed by a marked increase in serum Fe concentration, to 5-94 times its initial value after 4 h. This was followed by a gradual decline, but at 6 h the concentration was still higher than the initial value.
First-grade marasmus. The pattern obtained was variable; some of the curves were belo\\-the level of that for controls and some were above. However, in all marasmic subjects, there was a considerable rise in serum Fe concentration at 4 h aftcr the dose of Fe and the average ratio of serum Fc at this time to the original concentration was 2-3, i.e. nearly equal to that in the controls. Nevertheless, the average concentration at 4 h in this type of protein-calorie deficiency was only 0.66 of the corresponding value for controls.
Moderate kwashiorkor. The shape of the tolerance curve was more or less similar to that of the controls, though the Fe-concentration values at z,4 and 6 h were lower than the corresponding control values.
Severe kwashiorkor. The values for serum Fe concentration were significantly lower than those obtained for either normal or moderate cases and the curve appeared more or less a straight line.
Four hours after the Fe dose was administered, the ratios bctwcen the values for serum Fe in moderate and severe kwashiorkor and the value for the controls were 0-54 and 0.32 respectively. The ratios between serum Fe concentration at 4 h after the test dose and the initial fasting value were 1.9 and 1.38 for moderate and severe kwashiorkor respectively. T h e corresponding value for controls was 2. j.
Other factors
Moderate kwashiorkor. There was a moderate decrease in the concentration of total Serum proteins and its fractions, especially albumin ( Table I) . Total Fe-binding capacity was also reduced ( Table z ) and, when considered with the concomitant decrease in @-globulin, was due to a decrease in transferrin concentration. This is substantiated by the finding of more or less normal percentage of saturation in spite of the low serum Fe concentration. Again, blood haemoglobin was markedly decreased, but the liver non-haem Fe concentration in this group was found to be about I -j times that of the controls (Tables 2, 3) .
Severe kwashiorkor. Compared with moderate kwashiorkor, all these derangements were accentuated, resulting in a marked rise in the percentage saturation of transferrin and an obvious increase in the liver non-haem Fe concentration, rcaching about twice that of the control concentration (Tables 2, 3) .
First-grade marasmus. Total serum proteins were either within the normal range or slightly higher. A moderate decrease in albumin and a slight rise in a -I , a-a and pglobulins was found in all patients. y-Globulin values were normal or slightly higher in some patients (Table I ). Blood haemoglobin and total blood Fe values were either low or normal ( Table 2 ) . T h e protein concentration of liver biopsy samples relative to wet weight was lower than that of the controls but was higher than that in subjects with kwashiorkor. However, the liver non-haem Fe concentration was higher than in controls but still lower than that observed in the kwashiorkor groups (Table 3) . Fe-deficiency anaemia. Serum protein concentration was within the normal range but there was a slight increase in transferrin and a very low percentage saturation (Tables  I and 2) .
follow-^^ study
The follow-up study of the four patients with kwashiorkor showed that a highprotein diet for 10 d resulted in a raised concentration of total serum proteins, though the value did not reach the normal value. The Fe-binding capacity was increased, suggesting an increase in serum transferrin. Liver non-haem Fe concentration decreased, whereas serum Fe concentration was slightly increased. Nevertheless, percentage of transferrin saturation started to decrease ( Table 4) . * The subjects were the same as in Table I . Vol. 28
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I n the control subjects the mean values for fasting serum Fe were similar to those previously reported in Egypt by El Gholmy et al. (1962) ; higher values (161 pg/Ioo mi) were reported by El Nabawy et al. (1961) . These local variations, which were not unexpected, may be attributed to diffcrences in age and socio-economic standards of the different groups that were studied.
T h e lower ratios between serum Fe concentration 4 h after the test dose of Fe and the initial fasting Fe concentration in moderate and severe kwashiorkor (1.9 and 1-38 respectively) compared with the control value (2.5) may indicate malabsorption of Fe in kwashiorkor, especially in Severe cases.
I n first-grade marasmus, the low average ratio (0.66) of serum Fe concentration, at 4 h after the test dose was administered, to the corresponding value for the controls was perhaps due to the low initial serum Fe concentration in marasmic patients.
I n Fe-deficiency anaemia, the low fasting serum Fe concentration and the marked increase in its value after the test dose seem to be characteristic of this type of anaemia and indicate a state of Fe deficiency and a great need of the body for Fe.
The factors that can influence and control the concentration of serum Fe and rate of Fe absorption from the gut are : (I) concentration of serum proteins, especially that of transferrin, (2) haemoglobin content of blood, (3) amount of Fe in stores, (4) valency of the Fe administered and ( 5 ) presence of diarrhoeal disorders and infections.
Regarding the last two factors, the Fe that we used was divalent and none of the cases that was studied at the time of our investigation was suffering from any infection or diarrhoeal disorder. Furthermore, the test was pcrformed after an overnight fast to obviate any nutrient interference.
The results of the estimation of total serum proteins and its fractions in controls are in agreement with those previously reported for Egyptian infants (El Gholmy, El Nabawy, Shukry, Ismail & El Hawary, 1960) .
The values for Fe-binding capacity, both total and unsaturated, as well as total blood Fe, agreed with those reported by El Nabawy et al. (1961) . These results, when associated with normal Fe absorption after the Fe test dose, suggest that Fe metabolism was normal in the controls.
The values obtained for liver non-haem Fe concentration in normal controls are the first to be reported for Egyptian infants. They are lower than corresponding values for Europeans (Sherlock, 1968) . This difference may be attributed to various factors, among which is the food pattern.
The finding in marasmic patients that the liver non-haem Fe concentration was higher than in the controls and even lower than that found in the kwashiorkor group indicates almost normal mobilization of the liver non-haem Fe to meet thc essential biological requirements and to a degree that exceeds the needs of the body in the marasmic state. This may be due to a deficiency in the molecules necessary to synthesize the protein moieties of haemoglobin. As excretion of Fe from the body is very limited (Nasser & Baird, 1968) , the only way to get rid of the non-utilized part is to store it in the liver. The high non-haem Fe concentration in the liver of kwashiorkor I n Fe-deficiency anaemia the picture differs; here sufficient protein is usually supplied, whereas Fe intake is low. I n our subjects the serum protein concentration was within the normal range, but with a slight increase in transferrin concentration and a very low percentage saturation. This seems to be an adaptive mechanism of the body to capture the slightest amount of F e provided in the gut by means of ferritin, which seems to be normal as evidenced by the normal protein pattern and the quick transfer of the absorbed Fe in this group to different organs where it is badly needed.
From the results obtained, it may be concluded that the state of anaemia -taking as criteria serum Fe, Fe-binding capacity, percentage saturation of transferrin, blood haemoglobin concentration, liver non-haem Fe concentration and rate of Fe absorption from the gut -can be initiated through either protein deficiency or Fe deficiency or both together. It seems that the state of body proteins, especially ferritin, and transferrin and its percentage saturation, and the liver non-haem Fe concentration are the chief factors governing the type of anaemia met with in such cases. Table 5 sums up the main differentiating biochemical derangements in the groups that were studied.
I n the follow-up study the fact that percentage of transferrin saturation started to decrease suggested preference of transferrin synthesis to other proteins. This observation is similar to that reported by Lane (1968) . The marked clinical improvement in these patients after blood transfusion was associated with progress of protein synthesis, especially of the ferritin and transferrin moieties. A consistent rise in serum transferrin in response to treatment was reported by McFarlane, Reddy, Cooke, Longe, Onabamiro & Houba (1970). Fe absorption from the gut was enhanced and livcr non-haem Fe was transferred to different sites of the body.
Blood transfusion ensures quick provision of plasma proteins, thus enhancing serum Fe utilization as evidenced by thc slight rise in serum Fe concentration observed in these four subjects despite blood transfusion.
It may be concluded that restoration of the normal serum protcin pattern on 
